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CLINTON LABORATORIES

To R. 8. Stone

From L., B, Borst

THE NFEUTRINO

I have walted to write this memo untll new data covering a penetrating
radiation became available. These data have been reviewed with Drs, Kruger
end Groetzinger at the University of Illinois and will be described in the
latter vart of this discusecion.

FPresent Status of the Neutrino

A a
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The neutrinc is s postulated particle emitted st the time of the dis-
integration of nucleus by electron or positron smission or by electron cav-
ture. The evidence for its existence is nurely inferential, for there are no
exveriments which directly establish its existence. The various ‘lines of
reasonine unon which 1tz existence is based are the following:

1. Bete rays {and nositrons) from a single variety of radioactive
nucleus are not emitted with 2 single energy, but show a continuous distribu-
tion of energy from zerc to a given unner limit characteristic of the substance.
The varions nuclei nresumably are identical before disintegratim and agsin
after disintegration., The average energy of the beta raye is about a third
of the maximum energy.

2. Celorimetric measurements on pﬁre beta sources show the energy de=
greded into heat to be identical to the average energy determined from the
energy distribution measurements.

2, Disintegration energies determined by other means corresmond to
the maximum energy rather then the average. This was first observed in the
natural radiosctive series where branching sometimes occurs. The sums of
the aloha and bets energies by elther route are identical only if the maximum
beta energy is used. Ths princivle has been abundantly established in the
field of artificial radioerctivity where conservation of mass-energy may easily
be checked.

4, Studies of the kinetics of beta emissi indicate that the momentum
of the system is not conszerved if the beta varticle and recoil nucleus only
are consldered.
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The enumerated evidence lead ua to belleve that a bete digintesration
involves the energy of the most energebic particle oroduced in the transitlon,
out that an aversse bets ray will show only one-ihird of this amount, This
discrenancy is fundamentel and is thousht %o be accounted for by the smission
of an unobgerved narticle capable of carrying away the missing energy and
nomentum, -

The onlv alternstive, considered at the nresent; is the abandonment
of the laws of conservstion of energy and momentum on an gtomic scale.

Additional congervation wrincinles of 2 less easily visualized nature,
lo@. conservetion of nuclear spin snd statistics, must be discarded unlese
a neutrino having the vroper atiributes is emitted during the beta vrocess,

The characteristics of the nentrino mey be nartially characterized by
exveriments conducted to esteblish its exlstence, The mass when at rest must
be small comvared to thet of the electron. It muat have no charge, and will
venetrate matter nroducing few if eny ions. It has attributes of spin and
statistics, It will earry away ite fraction of the momentum and energy of fthe
system,

There has been no positive evidence for its existence, for no effect
has been observed attributed to ite interaction with matter. This interse-
tlon must, therefore, be extramely small under the conditions studied. The
only processes which can be said tec exist with certainty are those involving
the reversa of the emission process, That is,if we postulate the production
of a vnarticle under given conditions, that nariicle mus%t, under the oroper
circumstances, necessarily nroduce the reverse reaction in which it is ab-
sorbed., Such inverse nrocesses may be calculated and vrove to be uncbaerva-
bly small.

The existence of the neutrino is considered by most physicists as ths
best eznlanation of a group of fundamental experimental data. Under the se-
sumption that it exists, an examinatim and evalustion of its possible physio-
logical effects is in order. The only conclusion woich can be drawn from thei
work is that such a hazard has not been found using the dats and methods avail-
ﬂhle °

The Neutrino Problen

The existence of a health hezard due to the emission of neutrinss =t
Hanford must be considered as a distinet nossibility. Attempts have been made
by Wiemer (CP-720) and Wollan (CP-1140) to evaluate such a hazard.

1% has been estimated that abousp 15% of the energy associated with the
fission event apvears as beta and gamma radiation from the fiesion fragmentes.
Approximately one-third of these is beta energy and two-thirds garma energy.
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Under the neutrino hypothesls twice the energy of the beta rays will go inte
neutrinc energy. We are, therefore, confronted with the problem of & nlle
10% of whose energy 18 emitted in sn undetectable penetrating form. A pile
with & 100 megawatt heat cutout will be a 10 megawatt neutrino source.

The only other source of similar masnitude is the sun. If its energy
source ie the carbon-nitrogen ecyecle, in which four hydrogen atoms are converi.
ed to an alpha particle (see H. A. Bethe Phys. Rev, 55, L3l (1939}), iwo posi-
trons are libersted in the orocess together with two neutrinos. These neutr: n
will escepe from the sun without absorption if their only intevactior is the
inverse beta nrocess. Assuming no absorption nor degradiation, the eneregv “lus
at the earth’s surface will be equivalent to that from a Hanford unit at a
distance of about 20 feet,

The fact that biolosicsl snecies have develoned on the earthis surface
supports the conclusion that if these assumptions are velid, no hazerd exists
et Nanford.

The two sources differ in the smounts of shielding vrovided: A& Eaafowd
unit has at most 15 feet of chielding; the_sun, U00,000 miles. If the cross
section of the neutrino is as great as 10 7 en? for degradation or ghsorpiion
in the material of the sun, only 10% of those created will escape. In this
case oroximity to sz Hanford unit would represent ten %times the neutrino haga:
of normal life. Assuming little sbsorption in the sun, no gazard exists at
Hanford, but if absorption does oeccur in the sun (aM’;>10“37) one msy not
uge it as a meang of evaluatine the hazard.

Wigner (CP-720) hae discussed the various simple methods of neutrino
interaction with matter., They are summarized here for convenience:

1. Inverse Bets Process. The inverse beta nrocess already mentioned
involves the sbacrntion of a high energy neutrinc by a nuclgus, ecausing the
immediate emission of a beta varticle or nositron. The resulting puvcleus
will frequently be rsdiomctive and can be detected Dy this meaus, The eross
section is estimpted by Wheeler and Fermi to be 10 "*Mem®, a value perkavs ob.
servable at Hanford, but conetituting no hazard.

2. Blastic Collision with %legtrons. The electron-ueuirine ianteractl:
hes been measured by M. ®. Nahmias (Proc, Camb., Phil, Soec. 31, 99 (1935)}) usis
a large radium source (with éisintegration nroduets) and hesvy lead shieldine,
The crose section found is less than 1073% em® and, therefore, censtitutes uoo
hezard under Hanford conditions.
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1. Elastic Collision with Mueclel. P®lastic collisicns of neutrinos
with nuclei constitute the orincinle gav 1n our knowledge, and it is this
effect which may constitute & hazard. If such a urocess occurs, it may be
injurious to tissue without being essily detected. Our nraeent methods of de-
tection nsed for x-rays, radioactive materizls, etec., show only the presence
of charged or ionized narticles. In these fields the methods have proved
satisfactory because there is nearly siways the dislocation or ionigation of
electrons, and these secondaries are directly observed.

The wresent nrocess differs from most stomic nrocesses in that the
nroduction of lon neirs may be the rare rather than the common event., This
situntion exists since the mass of the neutrino is small in comparison to the
mass of the nueleus, and the energy imparted to the nucleus is moderately
small. To vroduce ilonizgtion of the stom or molecule, the nucleus must liter-
ally run away from its least tightly bound electron. The energy of abandonmeni
of this electron 1s exnressed by the following equation:

; 2
Bo=l EZ!’W
Zme Me

whare ® = abandonment energy of elsciron

mass of electron

=
(§]

hv = energy of neutrino (essuming negligible rest mass)
M = mess of recoll nucleus

¢ = velocity of light.

If this velue exceeds the lonization poteniial of the slement or molecule, the
electron will be left and an ion vair formed.

The most favorable case for observing this event is hydrogen which hes
2 low mass and a mnderste ionization motentigl. The most energetic neutrinos
from Ra-C striking a hydropen stom and bouncing back the way they came give sn
energy of 11,6 ev whereas the ionization potentisl of hydrogen is 13,858, Whils
this should theoretically not nroduce ionizstion, a considerable frsction of
the ejected hydrogen atoms would nrobably be found to be charged. The nroduvc-
tion of hydrogen ions by neutrinos from the Clinton vnile has been studied by
Wollan (CP-1140). The eross ssction for hydrogen ion nroduction is less then
5 x 10-31 em?, In thie work the shield was consider=d to have no effect on the
neutrinos. This value of the cross section does not correspond under Hanford
conditions to a serious hazard.
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The interaction of neutrines with atoms without the nroduction of
fonized particles is the great unknown, There is no knowledge of this tyve
of event, neither the mgznitude nor the physlological consequences.

Heretofore there has been no reason for the mediczl profession to lu-
vestigate the bodily danage brought aboud by the production of moleculer
fragments, free radicals, and unattached stoms. Physiological reastion? inj‘
volve hydrolysis, oxidafion or reduction ioniec dissoclation and polymerizat:
of oreseniz molecules. Uhese reactions give rise to conventional compounds )
which are ueed or eliminated by the organiem. The oroductlon of molecular
ments does not occur in mormal life processes, and consequently hns_played ne
immortant role in =shysiology. These fm gments presumably are formed during
radiation thergpy, but are accompanied by ionized particles much more En911;
messured, The effrets caused by their oresence are, therefore, all lumped u-
the meggureble coretituent, ionization, and have nol Dbeen distinguiched from
it. These fragments as well as ionized particles will nroduee abnormal phys.
logieal reactions, the oroduects of which are nresumably poisons,

Poasible nethods for the produetia of such molecular fragments are
few and undeveloped. Thermal dissociation oroduces molecular fragments, bui
rarely occcurg in a living organism. Fragments may also be nroduced by the
elastic scattering of epi=thermal neutrons: peutrons above the thermal region
and not eneily messured by thermal dstectors but below the region where recol
protons nroduce sovpreciabls ionigzation. A third method may be used which con
sists of the imnregnatlon of tissue with a2 redioactive substance undergoing
K electron caplure cr an isomeriec transiticn. Molecules containing such =n

atom are disrapted bty the nuclear transition and show unusual chemical re-
actions,

Perhaps the only assumption that can be made is that fragments, atome
and radicals have the same physiologicel effect as ionms. There is no experi-
mental evidence to support this postulate . but no better guess can be made.
The perticles will not be found in clusters or tracks and can only be consii-
ered snalogous to gumma raye, The tolerance limit would then be pleced at
1.6 x 1011 partieles ner day ner gram of bedy tissue.

From thig nssumntion a critical cross section ma{ be calculated. The
neutrino vroduction in a 250 megawatti plant is 3.5 x 10 8'9/3ecu If the
cross gection of the neutrino process is less than 2 x 07°7, & tolarance
dose will not havo been exceeded in an eight hour day. No assertion may te

made 28 %o whether the actual interaction ie larece or small compared to thiz
ouantity.
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There 1s reason to believe that the cross seetien will vary ino a
regular mannar as a function of atomic welght, atomic number, ete., based on
our present theary. One might expect that large values would be found for
large nuglel, but this need not neecessarily be true. The best analogy that
can be dreswn is that of thermal neutron scattering. While velues of scatter-
ing ecross sections gre not easily obtained there geems to be evidence that
those for adjacent elements may differ widely. In the case of the neutrino
this micht also be true., A% the present it would be totally unwarranted to
assume that because the elastic ercss section of one nucleus is emall, those
of others wonld be similar. The only safe nrocedure would be to determine-
the value for blologically imnortant elements.

If the same cross section ie assumed for several nuclei, the probabilit
of their being liberated from the chemlcal compound will deerease with increac.
ing weight. This is nurely en energy consideration, for a heavy nucleus will
be given a smaller recoil energy than a light one for the same neutrino energy.
The best chance of observation will be hydrogen, and Wollan has already studiec:
it. Assumntions were nescessary to estimate the number of hydrogen etoms per
hydrogen ion., This ratic would appear to be sbout 10 to L. Unon this basis
the effeet due to hydrogen (&~ = 2.5 x 10-39) appears not %0 be dangsrous.

A more direct exverimental check of this element is definitely in order.

Other biologically important elements are carbon nitrogen and oxygen.
Presumably other elements occur in sufficiently small concentratioms as to be
unimportant. The determinatim of the reaction in these elements is probably
out of the range of exverimental possibility at the present time,

Fxnerimental Detection of Neutrino

The search for the inverse beta process avnears to be an extremasly dif-
ficult, if not immossible, undartaking., It has primarily theoreticsl intersst,
for this procees can never be a menace to health. Thig process, however, is
the only sure way to successful obgervatim , howyever difficult. To establish
definitely the existence of the neutrino by this method would be of extreme
importance, for uwonn the basie of successful observation, the sliernative
Interactions miecht better be determined.

OUne onossible method i8 to subjegt rubidium to the neutrinos from the
Hanford vile or storage teserveir. Rb 5 upon absorption of a neutrino wuld
emit a beta ray to become Sr85(Tl = 60d). The strontium so nroduced could
then be extracted and the induced radicactivity measured. The sensitivity of
this method onﬁd probably not be adeguate to permit the observation of a ercss
sectiom of &O' em©, It might, however, be possible tc observe a cross sec-
tion of 10~10 '

o



Flectron interaction or nuclear interaction produecing charged particle
has been studied sufficiently to cdemonstrate the sbsence of a health hagzerd.
This interaction is implicitly measured during ordinary surveys. These surve
have shown no menetrating radistion of a magnltude apnroaching tolerance.

The study of nuclear collision without ionizetion stands as the most
important and perhaps mosi dlfficult process to measure. This ig duve primazi.
%a the lack of a sensitive detector of atoms and free radicals. All previous
work with such sveciess has baen conducted under circumstances where the flux
of the nerticles was controlable snd could be raised to a level easily measui:
Most methods used require the reaction of number of molecules visuslly cbserv:
ble, This is true of work with free radicals where a metallic film lu depos)
or the physical characteristics {eg. magnetic susceptibility) of the aubstans
is changed. Such methods are far toc crude for the present job,

Conversations have besn held with Messrs. Phipps and Simpson at the
Metallurgical Leboratory during which several possible methods were suggestcd
The problem under discussion at that time was the hydrozen interaction exclu-
sively.,

Only one method of detecting hydrogen stoms in small numbers has prove
satisfactory exverimentally. That is the partial reduction of freshly prepar:
molybdenum oxide. This oxide, yellow in color, is reduced by hydrogsn stoms
o a bluw suboxide of some sort. The reaction seems to be nearly specific fc
hydrogen atoms, and, by ordinary standards, is quite sensitive. The reaction
might be used as the basis for several methods of detection., The oxide might
be placed adjacent to a maraffin block and exposed to nsutrinos., Ths recoil
hydrogen atoms from the paraffin would reduce the oxide., Quantitatively this
method lacks greatly in sensltivity. A somewhat more satisfactory method res
on the observation of Phippse, that hydrogen atome are absorbed and held by d
Kotinsky cement (a laboratory high vacuum cement) and are later liberated unc:
heating. By this method it might be possible to utilize the hydrogen atomg
formed in zrams or nounds of cement. Under Hanferd conditions this might come
within g factor of 10 or 100 of showlng a tolerance dose. The method wounld
require development and guantitative study.

A possible method of observation is by measuring the changes in elect:
characteristice of an oxidlzed tungsten surface due to the removal of oxide b=
the atoms. Such a method is logically mossible, but would require extznsive
develooment.

Mr, Simpson surpgested that while the study in hydrogen was extremely ¢
fieult, the measurement of such an effect in lithium might well be possible.
His surzested method consisted of collecting the recoil nuclei from an extend:
area of lithium metal upon a filament. Upon heating the filement, the lithiur
atomg are thermally lonized and evaporate as ione. Using a suitable potentis’
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to a colleziing electrode zand measuring this current by an ampligaer 5
elreutt, it should be nossible to measure a cross sectlan of 10777 em®.

While soch an exneriment might not give direct informatiem concerning
vhysiology, it apnears *o be the most vrsctical aporoach., If an effect of
avpreciable magnitude were found, then intensive investigation would be in
order: if it were nossible to restrict the cross section to less than say
10~ 3, the reaction in other elements would presumably not constitute z
hazard,

No pugrestlons can be made at the present time of feasible exverimentsa:
methode for detectinz uncharged recoll atoms in carbon, nitrogen or oxveen.

Other Penetrating Radiastions

The neutrino has received emphasie as a possible hazard due to its in-
ferential existence and abund:znce. ther previougly unknown radiations are,
of course, always possible, HRpdistion surveys are probably sdequate te de-
termine the existence of a hazerd if the interaction mroduces sppreciable
ionization, It 1&, of courss, always nossible Lo assume radiations whe de-
structive oroverties of which we do not understand. This would be, nowvever,
a fruitless sesrch -- looking for gn unknown effect of an unknown radiation.

The energy of the fission event is such as to make the production of
mesotrons nossibls, though not probable. Charged mesotrons from fissicn would
be no hazard, since they could have 1ittle kinetic energy 22d small penebrating
nower. A neutral mesotron would have high penetrating power and might be haz-
ardous through the mechsnism of non-ionizing cellision,

During the last two months there have been rumors of a new penetrating
radisgtion observed at ¢the University of Illinois Cyclotron. Since thig radis-
tion seemed relevant, I reviewed the work with the experimenters, Drs. Kruger
and Groetzinger. A summary of the known proverties of the radiation is review-
ed below.

1. The radiation is associated with the 10 MY deutercn beam of a eycls-
tron and is observed through five fee® of water and 1 foot of lead., It must,
therefore, consist of uncharged particles, not gamma rays ané presumably not
neutrons,

2. 1t produces ionizing secondary varticles, presumably electrons, whic:
have energies up to 8 MV. These secondaries con=ist of one narticle per even:
or two particles traveling in opposite directions, This procesa must presumasly
not be g seattering process,

R
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%, The secondaries show no orientation effect, so the kinetic energy

of the wrimery must he small compared to the energy liberated in nroducing
gsecondaries,

Y, The small yield of primaries is independent (within experimental
error) of the target material,

This evidence 1s believed by the exnerimenters %o indicate the vroduct’
of light neutral mesotrons of mass about 20 electrons which undergo spontancon
disintegration 1nto-elect€on pairg, Using this interpretation and the half
life o{ the mesotron (107" sec), one may estimats that one particle is nroduce
per 10 0 deuterons.

Iight mesotrong have been reported as a component of cosmic rays by Dr.
Schein at the University of Chicago. Very little 1a known gbout them, but i7
they exist they are possible products of fission. UNobody knows how they are
produced or what their wnroperties are. They must, therefore, be looked for in
connection with pile readiations,

Dr. X, Z. Morgan has undertsken a search, but at the vresent time is
unable to report definitely the presence of such a penetrating radistion. He
has been sble to show that if 1t ig a component of pile radiation, no hazard
8xiste from ionization due to secondaries.

The properties of thig particle are similar to the neutrino in thst it
carries no charge, has a comparable kinetic mess, and has only a small inter-
action with matter. Arguments concerning elestic collision without ionizaiion
gpply here as well as 0 the neutrino.

Recommendations

The nrevious materisl has sketeched our present knowledge concerning
penetrating radiations, showing where our knowledse i3 incomplete. To attemp®
to 111 211 such gzvs would be prohibitively costly, yet to ignore the possibl
hazards is not wise. The reasonable course is to sccess the most important
points and to base further action uvon information gained.

The most sipnificant point sopears to me to be the vhysiological effect
of uncharged molecular fragments. These are formed by epkthermal neutrong, sy
may be produced by neutrinos and light mesotrons., If the tolerance dose were
larger than for charged particles, the neutrino nroblem would become less im-
rortant by virtue of this fact,

Dr, Nordheim feele that if a cross section of 10=h0 cms 1s experimental
ly detectable, the inverse beta nrocess should be investigated. This ias not
Yased upon a health hazard, but rather that positive resulis would greatly in-
trease our.knowledge and understanding of the whole problem.
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A search for lithlum atoms produced by elastic scattering of neutrinos
appears to be the mogt satlsfactory approach to the scaftering without ionize-
tion problem, It sesms less important than the establishment of a tolerance.

Work should be continuved to evaluate the immortaznce of light mesotron
proguetion,

Summari

The existence of a neutral varticle of small mass (called the neutrino)
1s regquired by experimental evidence related to beta decay. The best present
alternative requires the abandonment on an atomic scele of the laws of conser-
vation of mass, energy and momentum,

The Hanford pile, in its vicinityq rivgls the sun as a neutrino sourcs.
Cross seetions of interest less than 10777 en® gre thereby ruled out.

Pogrible neutrino intergctima are threefold:;

1. The inverse beta process involves the absorntion of a neutrino and
emission ﬁf aeposxtive or negative elesctron. Predleted cross sec-

)€

tion 10_ em®© .
= Ak .
P, TWlaetie collision with orbital electrons. Cross section < 10 3 it

3, Elsstic collision with nucleil.,

r. Resulting in ionization., Cross section in hydrogen < § z ¥ flake

b. Besulting in uncharged atoms, radlcals, etc, No data known.
Assuming physiological effects equlvalent tc ilons, a cross
section greater thsn 2 x 107°7 would exceed tolerancen Exm
perigentg on hydrogen indicate this to be less than 2.5

Experiments to evaluste these effects are exceedingly difficuli.

=1
1. A cross section of 10 g for the inverse bets process might

be achleved,

2. A cross sgection of 10“27 for hydrogen atom production might
be measured. A cross section of 1029 for 1ithium atoms

should be possible. No possible experimental methods are known

for carbon nitrogen and oxygen.
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